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FOREWORD 


This  report  describes  and  assesses  concepts  for  developing  an  automated 
infrared  runway  collision  avoidance  device  for  ground  and  aircraft  mounted 
applications.  Systems  evaluated  include  a  passive  two-color  IR  jet  engine 
detector  and  an  infrared  laser  runway  scanning  system.  This  effort  was 
sponsored  by  the  Federal  Aviation  Administration,  System  Research  and 
Development  Service,  Washington,  D.C.  ^0590  under  contract  number  D0T-FA- 
78-WA-4196. 
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mental  Research  Institute  of  Michigan). 
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EXECUTIVE  SUMMARY 


This  report  addresses  the  applicability  and  effectiveness  of  active 
and  passive  infrareo  devices  for  use  in  runway  collision  avoidance  systems 
during  low  visibility  airport  operations.  Emphasis  is  placed  on  systems 
available  to  the  pilot  which  provide  a  positive  indication  of  vehicles  or 
aircraft  on  the  runway  prior  to  takeoff  or  immediately  prior  to  landing. 

rhe  initial  technical  analysis  focuces  on  the  optical  attenuation 
caused  bv  conditions  of  fog  and  haze  as  a  function  of  detector  system 
wavelength.  Atmospheric  windows  are  identified  and  suitable  detector  wave¬ 
lengths  designated. 

The  technical  analysis  of  Chapter  III  points  out  two  feasible  approaches 
to  the  use  of  infrared  techniques  in  runway  collision  avoidance  systems. 

The  recommended  approach  involves  the  use  of  a  runway-mounted  active 
COo  laser  system  which  will  provide  an  unambiguous  indication  of  aircraft 
on  the  runway.  The  CO.,  laser  application  has  several  desirable  character¬ 
istics  which  include  required  range  of  detection,  fog  penetration,  and  evcel- 
lent  reliability  under  all  weather  conditions.  Such  a  system  would  not  only 
enhance  safe  ground  operations,  but  would  serve  as  a  significant  means  of 
expanding  airport  capacity  as  aircraft  traffic  densities  increase.  The  hard¬ 
ware  cost  of  a  one  runway  system  produced  in  volume  is  estimated  at  $00,000. 

rhe  alternative  approach  involves  the  use  of  a  runway-mounted  two-color 
passive  IR  system  for  Jet  engine  heat  detection.  The  two-color  system  is 
feasible  but  falls  short  of  providing  satisfactory  detection  range  in  fog 
without  excessive  hardware  deployment. 

These  two  systems  are  compared  in  Chapter  IV  and  specific  conclusions 
are  drawn  regarding  the  advantages  of  the  IR  laser  blanking  technique. 

The  analysis  is  concluded  in  Chapter  V  with  a  discussion  of  the  recom¬ 
mended  approach  to  development  of  a  system  specification  which  would  include 
experimenta  tests  and  design  of  a  prototype  system. 


ix 


CHAPTER  1 
INTRODUCTION 


1 .  BACKGROUND 

The  rapid  growth  in  recent  years  of  both  commercial  carrier  aviation 
and  especially  general  aviation  nas  resulted  in  increasing  ground  conges¬ 
tion  and  takeoff  queueing  at  many  metropolitan  airports.  System  loading, 
delay,  and  resultant  backup  become  most  acute  in  low  level  visibility 
conditions  such  as  rain,  fog,  and  snow.  The  difficulty  of  maintaining 
reliable  ground  control  for  safe  takeoff  clearance  is  illustrated  only 
too  well  by  the  March  1977  Tenerife  collision  at  Los  Rodeos  Airport  in  the 
Canary  Islands  in  which  two  Boeing  747's  collided  under  900  foot  visibility 
and  533  lives  were  lost.  Several  dangerously  near  misses  in  the  continental 
U.S.  serve  as  further  reminders  of  a  growing  safety  problem. 

This  study  addresses  the  feasibility  of  utilizing  infrared  (IR)  detec¬ 
tion  techniques  to  enhance  runway  collision  avoidance  by  providing  the 
earliest  possible  alarm  in  the  event  of  a  runway  takeoff  nazard.  Preliminary 
calculations  indicated  that  IR  techniques  could  provide  adequate  weather 
penetration  and  the  aoditional  benefits  of  high  reliability  and  proven  tech¬ 
nology  at  low  ccst.  Of  primary  interest  is  infrared  detection  of  jet  air¬ 
craft,  propeller  aircraft,  qround  vehicles,  anticollision  beacons,  and 
strobes  which  might  be  ^uund  in  a  low  visibility  runway  environment.  The 
study  considers  both  aircraft  mounted  systems  which  offer  mobility  and  run¬ 
way  mounted  systems  wnich  offer  economy  and  increased  sensitivity. 

In  particular,  two-color  IR  techniques  are  evaluated  with  emphasis  on 
malse  alarm  rejection  and  reliable  target  identification.  Many  airports 
have  expressways  and  waterways  nearby,  and  under  certain  conditions  auto¬ 
motive  exhausts  or  ship  smokestacks  may  have  sufficient  thermal  signatures 
to  deceive  an  unsophisticated  sensor.  However,  experience  with  the  Defense 
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Advanced  Research  Projects  Agency  (DARPA)  Hostile  Weapons  Location  System 
V HOWLS)  and  other  two-color  IR  programs  has  shown  a  dramatic  reduction  in 
false  alarm  rate  compared  to  one-color  approaches. 

The  basic  concept  of  two-color  IR  is  tnat  the  ratio  of  two  distinct 
IR  signal  bands  is  a  function  of  tne  target  temperature.  Prior  knowledge 
of  target  temperature  range  (plus  other  factors  such  as  atmospheric  trans¬ 
mission)  permits  the  determination  of  acceptance  criteria  for  the  color 
ratio.  Any  target  generating  a  ratio  outside  this  range  would  be  rejected 
as  invalid.  In  this  way  a  two-color  system  can  be  designed  to  discriminate 
against  targets  several  degrees  above  ambient  background  (such  as  motor 
venicles)  and  seek  out  targets  hundreds  of  degrees  above  background  (sucn 
as  jet  engines)  or  vice  versa.  In  any  case,  an  accurate  knowledge  of  the 
target  infrared  signature  is  necessary  for  reliable  system  design. 

Analysis  of  the  passive  two-color  concept  and  atmospheric  transmission 
characteristics  leads  to  the  concept  of  an  IR  blanking  technique  which  uses 
a  CO^  laser  for  enhanced  weather  penetration.  The  basic  principle  of  this 
technique  involves  propagating  a  collimated  CO2  laser  beam  (or  beams)  through 
fog  down  the  length  of  a  runway  to  a  reciever.  Any  object  breaking  or 
blanking  the  beam  would  be  considered  a  runway  hazard.  The  discussions  and 
analysis  in  this  report  indicate  it  is  highly  probable  that  such  a  system 
can  be  successfully  utilized  to  provide  reliable  runway  hazard  detection 
during  low  visibility  conditions. 

Topics  considered  in  this  study  include  aircraft  and  motor  venicle 
infrared  signatures,  atmospheric  transmission  and  fog/haze  attenuation 
characteristics,  infrared  detection  systems,  and  infrared  state-of-the-art 
technology.  Optimum  system  parameters  are  described  for  the  two  feasible 
approaches  to  infrared  detection  of  runway  obstacles. 


The  remainder  of  this  chapter  will  provide  background  information  on 
fog  and  haze,  infrared  detection,  two-color  target  identification,  and 
system  range  requi rements .  The  body  of  the  report  is  dedicated  to  a 
discussion  of  the  scientific  basis  for  infrared  transmission  through  fog, 
a  technical  analysis  of  the  two-color  and  laser  blanking  techniques,  followed 
by  conclusions  and  recommendations. 

2.  ATMOSPHERIC  STATES  OF  FOG  AND  HAZE 

The  atmospheric  aerosol  is  a  complex  mixture  of  dust,  volcanic  ash, 
biological  matter  (e.g.,  pollen),  industrial  pollutants,  combustion  particles, 
smog,  etc.  These  components  serve  as  condensation  nuclei  for  water  vapor 
and  can  produce  conditions  commonly  referred  to  as  fog  and  haze.  Haze  may 
extend  to  an  altitude  of  several  miles  whereas  a  typical  fog  bank  is  only 
a  few  hundred  feet  thick. 

The  practical  distinction  between  fog  and  haze  is  the  greatly  reduced 
visibility  imposed  by  the  former.  Physical  transitions  between  haze  and 
fog  do  not  occur  abruptly,  but  are  a  continous  process  with  intermediate 
states  often  referred  to  as  mist. 

Table  1.1  is  a  representation  of  the  International  Visibility  Code  in 
terms  of  conventional  nomenclature  and  shows  corresponding  values  of  the 
exponential  attenuation  coefficient  for  visible  light  (with  path  loss 
represented  by  exp  (-/JR),  R  in  kilometers  and  0a  function  of  visibility 
level).  Of  interest  here  are  conditions  of  "moderate  fog"  to  "light  haze." 

In  terms  of  minimum  visibilities  permitted  for  takeoff  the  relevant  Runway 
Visual  Range  (RVR)  values  are  700  feet  (213  meters)  for  an  appropriately 
configured  runway  and  1200  feet  (366  meters)  without  appropriate  equipment. 
This  study  is  concerned  with  atmospheric  states  corresponding  to  exponential 
attenuation  coefficients  of  up  to  20  per  kilometer  (87  dB/km)  for 
visible  light.  More  severe  conditions  are  not  considered  here. 
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TABLE  1.1.  INTEPnAT [rjflAL  l/ISIBILITr  COGE 


There  are  several  classes  of  fog  and  each  is  the  result  of  a  particu¬ 
lar  environmental  condition  causing  a  transition  from  haze  to  fog  as  a 
result  of  an  increase  in  relative  humidity.  For  purposes  of  discussion  fog 
types  may  be  classed  as  one  of  the  following:  advection,  radiation,  advec- 
tion-rad iation ,  evaporation,  and  frontal. 

Advection  refers  to  horizontal  motion  of  an  air  mass.  Advection  fog 
forms  when  moist,  warm  air  traverses  water  or  land  of  a  lower  temperature. 
This  fog  type  is  typical  of  the  Grand  Banks,  one  of  the  world's  foggiest 
regions,  where  air  originating  in  the  Gulf  Stream  blows  across  the  Labrador 
Currents.  Similar  fog  is  usually  found  on  the  Pacific  coastline  of  the 
U.S. 


Radiation  fog  is  caused  by  surface  heat  loss  at  night  through  a  clear 
atmosphere  which  cools  the  overlying  moist  air.  This  fog  type  occurs  fre¬ 
quently  in  inland  areas  and  is  intensified  by  cold  air  drainage  from  slop¬ 
ing  terrain.  Advection-radiation  fog  is  the  result  of  two  processes  and  is 
common  in  the  Great  Lakes  region  and  the  Atlantic  coastal  plains. 

Evaporation  fog  occurs  when  vapor  from  a  water  surface  meets  colder 
quiet  air,  resulting  in  a  shallow  layer  of  dense  fog.  This  condition  is 
often  found  over  lakes  and  streams  and  during  autumn  mornings  following  a 
cold  night.  However,  evaporation  fog  is  also  produced  when  warm  rain  falls 
through  a  layer  of  cold  air. 

Frontal  fog  results  from  a  warm  front  moving  into  a  region  with  a  cold 
surface  layer.  It  is  similar  to  warm  rain  fog  since  the  required  tempera¬ 
ture  inversion  is  usually  provided  by  a  weather  front. 

From  the  standpoint  of  detection,  whether  using  visible  or  infrared 
techniques,  the  most  critical  aspect  of  a  fog  situation  is  the  particle 
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size  distribution  which  can  vary  quite  rapidly  as  the  relative  humidity 
changes.  This  aspect  of  fog  is  evaluated  from  several  viewpoints  in  the 
present  analysis. 

3.  INFRARED  DETECTION 

The  basic  thrust  of  this  study  is  to  evaluate  the  possibility  of  in¬ 
frared  detection  of  hazards  on  a  runway  during  low  visibility  operations. 

A  hot  object  such  as  a  jet  engine  produces  a  significant  IR  signature  and 
to  this  end  the  radiative  characteristics  of  targets  must  be  understood. 

Figure  1.1  illustrates  the  relative  location  of  the  wavelengths  of 
interest  in  the  electromagnetic  spectrum.  All  bodies  above  zero  degrees 
absolute  emit  electromagnetic  radiation  with  a  distribution  determined  by 
Planck's  Law  and  the  emissivity,  e,  of  the  body  surface.  If  e=l  then  the 
body  is  a  perfect  emitter.  A  perfect  emitter  is  a  perfect  absorber  as 
well,  and  for  this  reason  a  body  with  an  emissivity  of  1  is  termed  a  black- 
body.  Figure  1.2  illustrates  the  Planckian  spectral  distribution  for 
blackbodies  at  several  temperatures  which  are  typical  of  the  exhaust 
characteristics  of  jet  engines. 

Although  blackbodies  are  an  ideal  case,  the  emissivity  of  most  objects 
(especially  hot  cavities  such  as  jet  tailpipes)  does  not  radically  depart 
from  1  and  values  of  0.3  -  0.9  are  not  uncommon  for  metallic  surfaces  so 
that  the  ideal  blackbody  curves  shown  in  Figure  1.2  are  fairly  represent¬ 
ative  of  real  world  thermal  behavior. 

The  practical  difficulty  in  predicting  target  IR  signatures  is  one  of 
obtaining  precise  knowledge  of  target  geometry  and  surface  temperature 
distribution.  This  is  an  empirical  problem  and  requires  hard  data.  In 
practice,  such  data  is  usually  as  difficult  to  obtain  as  are  complete 
measurements  of  infrared  emittance  spectra.  The  primary  difficulty  in  the 
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WAVELENGTH  (MICRONS) 


Figure  1.2.  Spectral  Einittance  of  a  Blackbodv 
at  Various  Temperatures 


latter  case  is  that  most  infrared  signatures  of  interest  are  classified, 
as  is  much  of  the  technical  literature  on  this  subject.  In  some  cases, 
data  on  specific  target  thermal  characteri sti cs  does  not  exist  and  theory 
and  extrapolation  must  be  employed.  Fortunately  the  levels  of  accuracy 
required  are  easily  attainable. 

4.  TWO-COLOR  TARGET  IDENTIFICATION 


Planck's  radiation  law  which  is  reflected  by  Figure  1.2  is  given  by 
tne  relation  (See  Appendix  B) 

2rhc^  1 

W  =  *  gfi'cAKT^ 

Where  W  is  spectral  radiant  emittance  or  power  per  unit  area  per  unit  wave¬ 
length,  T  is  the  absolute  temperature,  X  is  the  wavelength.  Planck's  constant 
is  h  and  the  velocity  of  light  is  c.  This  relation  basically  states  that 
the  radiant  power  at  a  specific  wavelength  emitted  by  an  object  per  unit 
surface  is  a  function  only  of  the  wavelength  and  temperature  of  the  surface. 

For  reasons  that  will  become  apparent  the  two-color  system  discussed 
in  the  present  study  operates  in  the  3-5  and  8-12  micron  infrared  bands. 

The  ratio  of  the  total  3-5  micron  signal  to  the  total  8-12  micron  signal 
is  the  two-color  ratio  for  the  target,  and  it  is  the  value  of  this  ratio 
which  is  utilized  for  target  identification  and  false  alarm  rejection. 

Figure  1.3  illustrates  the  principle  applied  to  jet  engine  targets. 

5.  SYSTEM  RANGE  REQUIREMENT 


Perhaps  the  most  critical  aspect  involved  in  assessing  the  feasibility 
of  a  collision  avoidance  system  is  its  detection  range  performance.  A 
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Figure  1.3.  Two-Color  Target  Identification  and  False  Alarm  Rejection 
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:mlot  preparing  *or  takeoff  must  receive  warning  ot  a  runway  obstacle  at  a 
Jistance  suf'icient  to  permit  elective  avoidance  naneuvers,  by  either 
bringmo  the  aircraft  to  a  complete  stop  or  changing  direction. 

Of  interest  here  is  the  definition  of  Vj,  the  critical  engine  failure 
speed,  more  specifically  derined  as  (Reference  40): 

"The  speed  at  which,  if  an  engine  failure  occurs,  the 
distance  to  continue  the  takeoff  to  a  height  of  35  feet 
will  not  exceed  the  usable  takeoff  distance,  or  the  dis¬ 
tance  to  bring  the  airplane  to  a  full  stop  will  not  exceed 
the  accelerate-stop  distance  available." 

Clearly  and  the  corresponding  distance  R^  are  runway,  weather  and  aircraft 
dependent.  The  pilot  snould  be  notified  of  any  obstacle  before  he  attains 
Vj ,  so  that  a  minimum  hazard  detection  range  requirement  would  be  the  stop 
distance  for  a  given  aircraft  at  .  However,  since  low  visibility  may  be 
accompanied  by  wet  runway  conditions,  and  a  hazardous  obstacle  may  be 
moving,  it  is  deemed  advisable  to  require  a  hazard  detection  range  equal 
to  the  entire  acceleration  and  stop  distance  for  the  worst  case  aircraft. 

This  has  been  determined  to  be  11,000  feet  for  the  Boeing  707  freighter .which 
exceeds  the  runway  length  of  most  airports.  The  nominal  length  of  major 
runways,  10,000  feet,  will  therefore  be  utilized  to  assess  the  feasibility 
of  IR  runway  collision  avoidance. 


CHAPTER  II 
SCIENTIFIC  BASIS 


1  .  LOW  VISIBILITY  INFRARED  TRANSMISSION 

The  greatest  constraint  on  infrared  system  design  is  that  imposed 
by  atmospheric  attenuation  of  the  IR  signal.  Transmission  of  infrared  is, 
in  general,  wavelength  dependent.  The  major  physical  effects  are  absorp¬ 
tion  and  scattering  resulting  from  aerosol  and  molecular  content  in  the 
optical  path.  Knowledge  of  atmospheric  optics  is  critical  for  judicious 
choice  of  wavelength  and  estimation  of  operating  conditions. 

An  aerosol  is  a  gaseous  suspension  of  small  particles  and  is  the 
normal  condition  throughout  the  atmosphere.  Haze  is  a  specific  state  of 
the  aerosol  whereby  the  scattering  effect  is  greater  than  that  attribut¬ 
able  to  gaseous  molecular  scattering  but  less  than  that  of  water  droplet 
scattering  in  fog.  Volcanic  ash,  cosmic  dust,  foliage  particles,  combus¬ 
tion  products,  bits  of  sea  salt  and  various  other  components  make  up  the 
particulate  structure  of  haze. 

Certain  types  of  particles  such  as  dust  grains  are  nonhygroscopic, 
whereas  components  such  as  sea  salt  are  highly  hygroscopic  and  serve  as 
condensation  nuclei  for  water  droplet  growth.  Thus  a  typical  haze  particle 
might  be  a  dry  solid,  a  solid  coated  with  water,  or  a  water  droplet  with  a 
hygroscopic  substance  in  solution. 

a .  Physical  Theory 

Molecular  absorption  is  the  most  common  attenuation  effect,  and 
is  present  even  under  clear  air  conditions.  The  principle  absorbers  in  the 
infrared  are  HjO,  CC^,  and  0-^.  In  addition  to  these,  CH^,  CO,  and  '^O  have 
strong  absorption  bands  in  certain  spectral  regions.  Figure  2.1  shows 
typical  absorption  regions  and  notes  the  major  gases  responsible  (see 
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Append:  <.  5).  The  regions  oh  high  transmission  are  referred  to  as  atmospheric 
Endows  and  re-_’resent  potential  operating  wavelengths  tor  IR  systems.  Of 

ir  'nterest  are  the  3-5  and  8-12  micron  intervals  considered  in  the 
present  study. 

within  a  given  window  the  IR  signal  will  be  further  attenuated  by 
molecular  scattering  (Rayleigh)  and  aerosol  scattering  (Mie).  Of  these, 
aerosol  scattering  is  potentially  the  most  severe  effect  under  low  visi¬ 
bility  condi tions . 

Atmospheric  attentuation  of  an  infrared  signal  is  conventional ly 
represented  by  a  path  loss  function  or  transmission  coefficient  in  the  form 

Tx  (R)  =  exp  [~UX  R) 

wnere  R  is  optical  path  length  in  kilometers  and  8^  is  the  wavelength 
dependent  exponential  extinction  coefficient  (per  kilometer)  which  in  turn 
is  a  function  of  its  various  components: 


S\  ■  -M  *  “a  *  aM  *  “A 


Absorption  has  been  denoted  by  "cv"  and  scattering  by  'V  so  that  ar^  and 
are,  respectively,  molecular  and  aerosol  absorption  coefficients,  whereas 
and  cr^  are  molecular  and  aerosol  scattering  coefficents. 


For  a  given  optical  path  length,  absorption  w-i  1 1  show  little 
variation  with  changing  weather  and  the  atmospheric  "windows"  may  be  taken 
as  a  nominal  baseline  loss  contribution  (see  Figure  2.1).  At  the  same 
time,  the  molecular  scattering  loss  due  to  c r.^  is  usually  negligible  for 
wavelengths  beyond  about  1  micron. 
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Hence,  for  a  specific  optual  path,  the  total  exponential  extinc¬ 
tion  coefficient  ray  be  considered  to  be  the  sum  of  a  constant  ana  a 
weather-dependent  term  for  wavelengths  in  the  intermediate  ana  *'ar  infra¬ 
red  regions )  : 


*X  - 


a  +  ot  +.  a  +• 

M  A  M 

Near  constant 
term 


J  A 

Weather  dependent 
aerosol  scattering 


Aerosol  scattering  is  thus  the  dominant  effect  in  fog, haze  con¬ 
ditions,  whereas  the  other  effects  show  relatively  little  change  as  weather 
becomes  more  severe.  The  physical  theory  of  electromagnetic  scattering 
by  spherical  particles  was  described  by  G.  Mie  in  1903  and  has  since  been 
verified  extensively. 


b .  Particle  Sice  Distribution 

The  particle  sice  distribution  for  a  fog  or  haze  is  an  important 
pnysical  factor  from  the  standpoint  of  electro-optical  signal  penetration. 

A  general  observation  is  that  transmission  tends  to  decrease  at  those 
wavelengths  which  are  near  the  peak  of  the  particle  size  distribution. 
Figure  2.2  illustrates  a  representation  of  particle  size  data  in  histogram 
form.  Such  a  fog  would  exhibit  minimum  sigral  transmission  in  the  region 
of  2.3  microns,  with  transmission  increasing  for  longer  wavelengths. 

For  nazes,  which  generally  correspond  to  visibilities  not  less 
than  1  kilometer,  the  particle  size  distribution  commonly  will  peak  between 
0.1  and  1.0  microns.  With  fogs  ^visibi 1 ity  <  1  kilometer)  the  particle 
size  distribution  may  peak  somewhere  between  1.0  and  10  microns.  Of  course 
these  are  approximate  values,  and  a  real  world  aerosol  is  usually  dynamic 
with  a  shifting  particle  size  distribution.  Figure  2.3  shows  a  theoretical 
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fog  evolution  over  a  period  of  100  minutes  (reference  10).  The  transition 
from  the  sinqle  mode  (0,  40,  and  45  minutes)  curves  to  the  bimodal  distributions 
(after  47  minutes  in  this  case)  is  typical  behavior  for  many  fogs. 

c .  Measured  Data 

Numerous  examples  of  empirical  data  as  it  relates  to  IR  trans¬ 
mission  through  fog  were  examined  and  evaluated.  It  was  found  there  is  no 
unique  one-to-one  functional  relationship  between  an  observed  value  of 
visibility  (RVR)  and  infrared  transmission  characteristics.  Values  of 
visible  propagation  data  do  not  imply  exact  values  for  IR  propagation. 

From  a  deterministic  standpoint,  in  principle  a  detailed  particle 
size  distribution  completely  defines  IR  scattering  characteristics.  In 
practice  such  data  is  usually  not  available  or  is  of  limited  accuracy  due 
to  particle  size  measurement  difficulties. 

The  key  to  judicious  estimation  of  IR  transmission  for  specific 
visibilities  lies  in  the  relationship  between  "visibility"  and  the  scatter¬ 
ing  coefficient  for  visible  wavelengths.  From  Figure  1.1,  visible  wave¬ 
lengths  roughly  cover  the  0.4  to  0.7  micron  range.  The  visible  light  mid- 
runoe  (0.55  micron)  scattering  coefficient  is  related  to  visibility  by 

b’vis  -  a 

Vis ibi 1 i ty  Visibility 

The  0.02  in  the  numerator  represents  the  visual  contrast  criteria  (2' 
International  Standard)  for  assigning  a  value  of  visibility.  Criteria  for 
RVR  not  conforming  to  this  standard  must  be  scaled  accordingly.  The  units 
of  Jy.  are  the  inverse  of  those  of  visibility.  For  example,  1  kilometer 
visibility  implies  a  visible  scattering  coefficient  of  3.91  per  kilometer 
and  the  visible  extinction  function  for  such  a  fog  would  be: 

T0.55  (R)  =  exp  R) 

with  R  in  kilometers. 
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The  approach  taken  here  is  to  select  data  on  fogs  which  have 
values  of  (3y.  roughly  in  the  regions  corresponding  to  RVR  values  of  in¬ 
terest  and  with  this  data  base  to  determine  reasonable  ranges  of  (X) 
to  be  expected  in  most  cases. 

Figures  2.4  -  2.7  contain  sample  data  from  reference  15.  This 
particular  study  included  over  600  transmission  measurements  taken  over  a 
3-year  span  and  is  a  recognized  data  source.  The  attenuation  here  is  repre¬ 
sented  in  the  photometric  units  of  "optical  density"  corresponding  to  a 

-DR 

base  10  path  loss  function  10  .  Optical  density  as  used  here  is  related 

to  the  exponential  attenuation  coefficient  by  0  =  (3/2.3. 

Extinction  by  a  rural  haze  is  shown  in  Figure  2.4.  The  marked  drop 
in  extinction  with  increasing  wavelength  is  quite  typical  of  haze.  Figure 
2.5  illustrates  attenuation  characteristics  of  highly  selective  fogs,  that 
is,  those  which  favor  IR  transmission  at  long  wavelengths  (note  the  drama¬ 
tic  drop  in  extinction  coefficient  as  wavelength  approaches  ten  microns). 
Attenuation  characteristics  of  evolving  and  stable  fogs  are  shown  respec¬ 
tively  in  Figures  2.6  and  2.7.  The  tendency  toward  improved  IR  trans¬ 
mission  with  increasing  wavelength  is  again  seen  in  both  cases. 

d.  AFGL  Fog  Model 

The  most  widely  known  accepted  model  for  low  resolution  atmos¬ 
pheric  transmission  is  the  LOWTRAN  code  developed  at  the  U.S.  Air  Force 
Geophysical  Laboratory.  This  highly  refined  analytical  model  has  undergone 
considerable  evolution  since  its  origin  in  1972,  and  the  current  model 
(version  3B)  may  be  considered  accurate  for  weather  conditions  correspon¬ 
ding  to  visibilities  greater  than  2  kilometers.  For  more  severe  conditions 
LOWTRAN  3B  predictions  diverge  from  observed  values  and  yield  overly  opti¬ 
mistic  results. 
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Figure  2.6  Attenuation  By  Evolving  Fog 
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AFGL  ha:  recently  developed  a  specialised  fog  model  for  low 
resolution  IR  propagation  under  very  low  visibility  conditions  and  these 
results  have  been  included  in  the  present  analysis.  In  Figure  2.3  are 
shown  the  various  aerosol  particle  size  distributions  which  were  input  to 
the  models.  Number  density,  or  particles  per  unit  radius,  is  plotted  versus 
particle  radius.  Figures  2.9  and  2.10  illustrate  the  corresponding  predic¬ 
tions  for  IR  transmission  in  these  togs. 

e .  Nominal  Fog/Haze  Model 

Integration  of  available  measured  data,  computer  code  results, 
and  engineering  analysis  has  culminated  in  the  formulation  of  a  nominal 
model  for  low  visibility  infrared  transmission  in  the  3-5  and  8-12  micron 
bands.  Table  2.1  illustrates  IR  attenuation  characteristics  of  fog/haze 
conditions  for  visibilities  from  700  feet  (0.21  km)  RVR  to  5000  feet  (1.53 
km'  RVR.  Total  extinction  is  expressed  in  terms  of  both  optical  density 
0  vkm”^)  and  the  exponential  attenuation  constant  (km  )•  The  transmission 
factor  T  at  range  R  in  kilometers  is  then  given  by  the  photometric  form 

T(R)  =  10-0  R 

or  the  exponential  form 


The  trend  of  improved  transmission  with  increasing  wavelength 
indicated  by  Table  2.1  should  be  interoreted  as  a  statistical  tendency. 

As  visibility  levels  drop,  aerosol  scattering  increasingly  dominates  the 
attenuation  process  and  infrared  transmission  becomes  critically  sensitive 
to  the  particle  size  distribution,  which  can  vary  guite  rapidly  along  a 
given  optical  patn.  As  a  result  of  this  effect  the  prediction  of  IR  trans¬ 
mission  based  upon  visible  transmission  (visibility)  becomes  more  difficult 
as  visibility  decreases. 
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TABLE  2.1  NOMINAL  KM  VISIBILITY  IB  ATTENUATION 
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2. 


ELECTRO-OPTICAL  TECHNOLOGY 


Feasibility  analysis  for  an  infrared  runway  collision  avoidance  system 
nas  included  an  extensive  survey  of  the  available  technology  in  order  to 
assess  the  current  capabilities  of  IR  systems.  The  impact  of  new  technology 
on  system  performance  has  been  estimated  based  on  present  research  and 
development  efforts. 

The  basis  of  infrared  system  design  includes  numerous  scientific  areas. 
Thermal  radiation  physics  and  atmospheric  optics  must  be  taken  into  account 
in  order  to  choose  system  operating  wavelengths  compatible  with  target 
emission  characteristics  and  the  available  transmission  windows  and  scatter¬ 
ing  effects.  Solid  state  physics  and  cryogenic  technology  interface  to 
minimize  IR  detector  noise  by  means  of  low  temperature  operation.  Signal 
orocessing  theory  and  microelectronics  must  be  utilized  to  extract  maximum 
information  from  the  available  signal. 

a .  Infrared  Oetector  Sensitivity 

The  performance  of  an  infrared  system  depends  upon  a  number  of 
factors  among  which  the  most  critical  is  the  intrinsic  sensitivity  of  the 
detector  element  or  array.  Detector  sensitivity  is  usually  represented  by 
tne  figure  of  merit  known  as  detectivity  or  D*  ("D-star").  In  general  D* 
depends  on  tne  temperature  of  the  detector  and  the  wavelength  of  the 
incoming  radiation.  Cooling  requirements  are  minimal  in  the  near  IR  regions 
and  tend  to  become  more  necessary  as  longer  wavelength  IR  regions  are 
utilized.  Lower  temperatures  are  required  to  obtain  sufficient  sensitivi¬ 
ties  (D*)  for  the  longer  wavelengths.  The  most  sensitive  IR  detectors 
operate  with  D*  values  in  excess  of  10‘  cm-Hz*^ 

Figure  2.11  provides  an  overview  of  detector  types  and  detectivity 
ranges  in  the  near  and  intermediate  IR  regions.  The  values  of  D*  are 
generally  peaked  (by  design)  in  the  wavelength  region  allowing  maximum 
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sensitivity  for  a  given  material ,  but  bi-metallic  tellurides  such  as 
Mercury-Cadmium-Tel luride  (HgCdTe)  and  Lead-T in-Tel  1 uride  (PbSnTel  can  be 
tuned  to  either  narrow  or  broadband  applications  by  varying  their  ratio 
of  metallic  components. 

Among  the  physical  parameters  to  be  considered  in  selecting  a 
detector  for  a  specific  application  are  operating  temperature,  usable 
wavelength  range,  time  constant,  active  detector  area,  and  noise  level. 
Table  2.2  is  a  compilation  of  representative  detectors  and  their  various 
figures  of  merit. 

Detector  noise  level  is  a  function  of  system  operating  bandwidth, 
detector  elemental  area,  and  detectivity.  It  is  conventional  to  express 
noise  level  in  terms  of  the  noise  equivalent  power  (NEP)  at  a  specific 
detector  temperature.  The  general  relationship  for  NEP  in  watts  is 


TF 


where  Aj  is  the  detector  active  area  (cnT),  B  is  the  noise  frequency  band¬ 
width  (Hz),  and  D*  is  the  detectivity  (cm-Hz Vwatt) . 

Signal  detection  threshold  generally  will  be  a  signal  power  level 
several  times  the  NEP.  For  this  reason,  it  is  convenient  to  formulate 
signal  level  in  terms  of  the  signal -to-noise  ratio  SNR.  Minimum  SNR  for 
detection  will  depend  on  the  level  of  system  sophistication,  but  generally 
the  total  input  signal  must  be  at  least  as  great  as  the  noise  level  and 
SNR  detection  thresholds  of  five  or  more  are  not  uncommon. 

Since  the  maximum  sensitivity  of  any  infrared  sensor  is  limited 
by  its  noise  level,  all  system  designs  ultimately  attempt  to  reduce  or 
eliminate  noise  sources.  Shown  in  Figure  2.12  are  the  relative  magnitudes 
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of  three  major  types  of  system  noise  as  a  function  of  operating  frequency. 
The  advantage  of  high-frequency  operation  is  clearly  shown. 

At  a  sufficiently  low  temperature  the  noise  components  of  Figure 
2.12  are  reduced  to  a  level  below  the  quantum  noise  contributed  by  the 
random  arrival  of  photons  at  the  detector.  This  desirable  system  mode  is 
referred  to  as  background  limited  operation  and  is  a  necessary  condition 

if  maximum  detector  sensitivity  is  to  be  achieved.  Most  infrared  systems 

- 1  '  2  \ 

capable  of  detecting  very  weak  signals  (less  than  10  “  watts/cm  j  must 

achieve  background  limited  operation.  For  IR  systems  operating  in  low 
visibility  environments  the  background  noise  contribution  may  be  quite 
high  as  a  result  of  scintillation  effects  due  to  strong  aerosol  scattering. 

From  the  standpoint  of  signal  integration  the  detector  response 
time  is  especially  important  in  weak  signal  applications.  Since  the 
system  signal -to-noise  ratio  is  proportional  to  the  square  root  of  the 
number  of  integrations ,  an  IR  system  may  achieve  high  performance  levels 
when  the  ratio  of  system  decision  time  to  detector  time  constant  is  large. 
Typical  high  performance  detectors  have  response  times  on  the  order  of  a 
microsecond . 

b .  Detector  Cooling  Systems 

Approaches  to  low  temperature  cool  inn  applicable  to  IR  technology 
include  open  and  closed  cycle  solid,  liquid,  and  oas  systems,  and  solid 
state  thermoelectric  refrigerators.  From  a  lesign  standpoint  the  critical 
factors  are  operation  temperature,  hold  time  dewars'  w  wan  time  before 
failure  (MTBF),  heat  load  capacity,  power  consumption,  ind  such  physical 
considerations  as  weight  and  dimensions.  In  certain  applications,  the 
operation  time/ complexity  tradeoff  will  be  determined  not  only  by  detector 
cooling  requirements,  but  also  by  whether  or  not  the  system  is  ot  an 
expendable  nature  (for  example,  an  IR-tracking  missile). 
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Dewars  generally  utilize  a  cryogenic  gas,  liquid,  or  solid  as  a 
temporary  coolant.  Hold  times  will  vary  from  several  hours  to  several 
days  for  open  cycle  systems.  Closed  cycle  systems  usually  employ  a  compres¬ 
sor  to  repressurize  gas  leaving  a  cryostat  and  improve  hold  times.  Candi¬ 
date  materials  for  cryogenic  cooling  include  COo  "dry  ice"  (219°K),  liquid 
nitrogen  (77°K),  liquid  helium  (4°K),  and  their  various  intermediate  states. 
Refrigeration  techniques  usually  employed  are  the  Joule-Thompson,  Stirling, 
and  Vuilleumier  cycles.  At  present,  closed  cycle  He  gas  systems  are 
capable  of  1000  hour  MTBF  operation. 

Thermoelectric  (TE)  systems  offer  simplified  operation  and  do  not 
require  exotic  cryogenic  substances.  These  p-n  junction  devices  operate 
on  combinations  of  several  solid  state  effects  including  Seebeck,  Peltier, 
Joule,  Fourier,  and  Thomson.  At  present  TE  coolers  do  not  provide  the 
refrigerative  capacity  of  other  approaches,  but  for  simplified  IR  systems 
their  convenience  is  a  major  advantage. 

Thermoel ectric  capacity  and  temperature  levels  can  be  improved  by 
cascading.  A  simple  one-stage  unit  will  achieve  -20°C  and  a  two-stage  unit 
will  yield  -30JC.  Four  and  six  stage  units  are  currently  available  with 
temperatures  of  193  and  170  degrees  Kelvin  respectively.  Figure  2.13  illus¬ 
trates  the  basic  TE  principle  for  a  three-stage  system. 

c .  IR  System  Components 

Each  of  the  subsystems  of  an  infrared  device  involves  a  considerable 
degree  of  sophistication.  The  basic  IR  system  can  be  broken  down  into  sensor 
unit,  signal  processor,  and  control  and  display. 

Sensor  Uni t 

The  sensor  package  includes  the  optics,  the  IR  detectors,  and 
coolers  as  required.  The  optics  include  the  scanning  lenses  and  mirrors 
used  to  focus  the  instantaneous  field  of  view  (IFOV)  and  the  scanning 
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mechanism  to  search  the  FOV.  To  achieve  significant  range  in  fog,  an  optical 
aperture  of  4-6  inches  is  anticipated. 

High  sensitivity  detectors  such  as  cooled  Mercury-Cadmium-Telluride 
(HgCdTe),  Indium  Antimonide  (InSb),  or  Lead-Ti n-Tel 1 uride  (PbSnTe)  are  widely 
employed.  Small  arrays  (under  twenty)  offer  improved  performance  with  only 
a  slight  increase  in  cost  compared  to  a  single  detector.  Each  detector 
usually  is  on  the  order  of  a  few  square  mils  in  size  and  can  operate  reliably 
for  about  one  year. 

A  characteristic  of  the  detector  material,  the  detector  time 
constant,  has  significance  both  in  the  design  of  the  sensor  and  in  the 
operation  of  the  optical  system.  The  detector  time  constant  imposes  a 
limit  to  the  scanning  rate:  it  dictates  the  minimum  time  required  by  the 
detectors  to  view  the  IFOV.  At  faster  scan  rates,  detectivity  decreases 
and  weak  signals  are  lost.  Operationally,  this  implies  a  tradeoff  among 
the  number  of  detectors  in  the  array,  the  size  of  the  FOV,  the  resolution, 
and  the  scan  time. 

Processors 


The  processor  functions  include  receiving  low-level  signals  from  the 
detectors,  amplifying  them,  limiting  the  bandwidth,  extracting  information, 
and  applying  decision  rules  for  target  detection  and  false  target  rejection. 
Outputs  from  the  processor  drive  the  control  and  display  components. 

Processing  functions  commonly  are  performed  by  a  mix  of  focal  plane 
processing  and  microprocessors.  Current  state-of-the-art  offers  many 
attractive  alternatives.  Charge-couple  devices  (CCD)  and  charge-injection 
devices  (CID)  that  will  allow  initial  processing  to  be  done  at  the  detector 
array  are  being  developed  by  several  manufacturers . 

Microprocessors  are  widely  employed  to  execute  the  target  discrim¬ 
ination  logic  and  to  control  the  system. 


Control  and  Display 


The  third  system  component  is  the  control  and  display  package,  which 
can  be  a  part  of  the  same  physical  unit  as  the  sensor  or,  depending  on  tne 
application,  can  be  remoted  from  other  system  components.  For  an  a-’cra-t 
mounted  runway  collision  avoidance  system  the  control  may  be  automated  and 
the  display  might  consist  of  a  simple  alarm  buzzer  and  warning  light  in 
the  cockpit.  A  runway  mounted  system  would  be  accessed  by  the  controller 
and  elaborate  CRT  displays  might  be  desirable. 


CHAPTER  III 
TECHNICAL  ANALYSIS 


1.  INFRARED  SIGNATURES 


For  the  purpose  of  evaluating  passive  IR  detection  techniques,  ■ n-rared 
tnermal  signatures  of  potential  runway  takeoff  obstacles  have  been  examined 
*>om  a  theoretical  viewpoint  and  in  a  number  of  cases  have  been  verified 
empirically  using  data  sources  available  in  the  public  literature.  Specific 
signals  evaluated  are  those  from  jet  engines  of  three  representative  air¬ 
craft,  light  propeller  aircraft,  ground  vehicles,  and  anticollision  strobes 
and  beacons.  In  the  case  of  aircraft  and  ground  vehicles,  critical  considera¬ 
tions  are  aspect  angle,  time  since  ignition  (warm-up  time),  and  operating 
power  level  (idle  versus  cruise  power). 

In  all  cases  the  approach  has  been  to  utilize  measured  data  when  availabl 
and  in  other  cases  to  rely  on  professional  opinion  of  technical  experts. 
Theoretical  calculations  for  jet  engines  are  blackbody  thermal  estimates 
based  upon  known  exhaust  nozzle  tailpipe  dimensions.  Cell  temperatures  of 
specific  engines  at  idle  will  vary,  but  for  the  purposes  of  this  study  an 
exhaust  gas  temperature  (EGT)  of  758°K  is  taken  as  a  nominal  case.  At 
this  temperature  32.3%  of  the  total  radiant  power  is  in  the  3-5  micron 
region  and  14.9%  is  in  the  8-12  micron  region. 

a .  Strobe  and  Beacon  Detection 

Conventional  aircraft  mounted  anticollision  strobes  are  typified 
by  a  xenon  short-arc  gaseous  discharge  principle.  Characteristic  spectra 
of  these  devices  exhibit  emission  in  the  infrared  and  ultraviolet  as  well 
as  the  visible  regions  and  their  radiative  properties  have  been  utilized 
in  various  approaches  to  air-to-air  collision  avoidance. 

Nominal  power  levels  of  anticollision  strobes  are  10-30  joules/ 
flash  in  the  visible  region  with  UV  and  IR  output  at  comparable  levels. 


Flash  duration  is  typically  2  milliseconds  with  FAA  regulations  specifying 
repetition  rate  between  40  and  10G  flashes/min  for  a  single  strobe.  Not 
more  than  180  flashes/min  are  permitted  as  the  net  signal  from  a  complete 
aircraft  system.  Industry  standards  generally  conform  to  50,  90.  and  160 
flash/min  rates. 

Certain  airborne  IR  systems  have  employed  a  time  or  spatially 
variable  strobe  rate  to  signify  directional  or  altitudinal  information. 

One  system  tested  on  a  DC-10  utilized  double  flash  forward  strobes  (150 
millisecond  separation)  to  signal  approach  and  single  flash  rear  strobes  to 
denote  departure.  Other  approaches  provide  for  an  altitude  dependent  flash 
rate  to  be  acquired  by  an  airborne  IR  strobe  seeker  and  interpreted  auto¬ 
matically  by  rate-cal ibrated  electronics  thereby  serving  a  pilot  as  a 
proximity  warning  system. 

Weather  penetration  characteristics  of  strobe  infrared  wavelengths 
are  almost  identical  to  the  propagation  of  visible  wavelengths  (0.4  to  0.7 
microns).  Figure  3.1  shows  a  typical  output  spectrum  of  a  xenon  arc  lamp 
in  the  range  from  0.2  microns  (UV)  to  1.4  microns  (near  IR).  Strongest 
emission  is  noted  to  be  in  the  0.8  -  0.9  micron  region  with  a  continuum 
spectrum  below  0.4  microns.  Infrared  emission  begins  to  fall  at  wavelengths 
longer  than  a  few  microns  and  most  strobe  sensors  utilize  an  uncooled  silicon 
detector  (D*  ~  10  )  to  lock  on  to  the  0.9  micron  spec.ral  lines. 


Although  xenon  arc  strobes  have  a  quartz  window  which  transmits 
well  out  to  7.0  microns,  the  two-color  system  under  consideration  (3-5  and 
8-12  microns)  would  register  an  extremely  weak  signal.  While  the  modulated 
flash  provides  some  gain  in  signal -to-noise  ratio,  the  strobe  emission 
is  at  least  two  orders  of  magnitude  below  a  level  deemed  adequate  for 
threshold  IR  detection  at  significant  ranges  in  fog. 
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Figure  3.1  Spectrum  of  Xenon  Arc  Strobe 
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Infrared  emissions  of  rotating  beacons  are  even  more  difficult  to 
detect.  Such  beacons  usually  consist  of  a  tungsten  lamp  (at  a  nominal 
2800°K)  with  a  low  emissivity  of  0.23  in  the  region  from  2  to  3  microns. 

Long  wavelength  IR  does  not  escape  the  window  since  borosilicate  glass  does 
not  transmit  appreciably  beyond  about  4  microns.  For  the  case  of  a  3-5  and 
3-12  micron  two-color  system,  detection  ranges  would  be  extremely  short 
except  in  clear  air  conditions. 

Clearly,  specialized  broad  band  one-color  systems  utilizing 
silicon  detectors  and  narrow  band  filters  (seeking  the  known  flash  frequen¬ 
cies  and  wavelengths)  are  the  most  promising  sensors  for  strobe/beacon 
detection  in  clear  air.  However,  the  low  power  level  per  unit  solid  angle 
is  not  adequate  for  signal  detection  by  an  IR  collision  avoidance  system  in 
fog  at  runway  ranges. 

b.  Ground  Vehicles  and  Light  Planes  » 

Typical  ground  vehicles  are  found  to  have  external  body  tempera¬ 
tures  only  a  few  degrees  above  background  when  engines  are  running.  The 
corresponding  IR  signature  will  usually  lie  in  the  range  of  10-30  watts  per 
steradian  total  for  the  near  and  intermediate  IR  regions.  Although  such 
signatures  are  easily  detected  under  clear  weather  conditions,  analysis  has 
shown  that  these  thermal  emission  levels  do  not  provide  sufficient  signal 
penetration  in  fog  to  be  useful  from  the  standpoint  of  passive  IR  detection 
at  runway  ranges. 

Light  planes  with  reciprocating  engines  have  IR  signatures  com¬ 
parable  to  those  of  ground  vehicles.  The  minimum  exposure  of  hot  parts  and 
small  cross  sectional  areas  limit  thermal  output  to  very  low  levels. 

c.  Jet  Aircraft 

Commercial  aircraft  chosen  for  a  sampling  of  jet  engine  IR 
signatures  include  the  Gates  Learjet,  Boeing  707  and  MacDonald  Douglas 
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DC-10.  The  analysis  is  based  upon  engine  exhaust  nozzle  areas  obtained 
from  manufacturers .  ^  nominal  exhaust  gas  temperature  or  75S'"x,  a  no 
blackbody  radiation  characteristics  of  a  typical  engine  cavity  with  thermal 
emissivity  ot  0.9.  Results  or  the  calculation  for  tailpipe  radiant  power 
levels  are  shown  in  Table  3.1  along  with  relevant  data  on  specific  engines. 

It  has  been  found  that  engine  thermal  emissions  from  the  side 
and  frontal  aspects  are  insignificant  compared  to  the  rear  (tailpipe!  view. 
Typical  rear  aspect  infrared  emissions  are  hundreds  of  watts  per  steradian 
whereas  plume  emission  at  idle  is  usually  on  the  order  or  one  twenty-fifth 
as  much.  Radiance  of  hot  parts  for  engines  at  idle  tor  not  warmed  up) 
has  been  determined  to  be  negligible  from  the  standpoint  of  ?IR  detection 
i n  fog . 

2 .  TWO-COLOR  JET  ENGINE  DETECTOR 

Analysis  of  the  infrared  signatures  of  potential  takeoff  hazards 
indicates  tnat  a  two-color  IR  system  could  be  utilized  for  runway  collision 
avoidance  if  jet  engines  at  rear  aspect  are  the  primary  targets  and  if  the 
problem  of  limited  system  range  in  fog  can  be  circumvented  by  using  several 
detectors  mounted  on  the  runway  (at  least  four  detectors  to  cover  both 
runway  directions  for  RVR  down  to  1200  feet).  These  limitations  are  quite 
stringent  ( front  and  side  aspects  are  more  likely  in  a  collision),  but  in 
certain  cases  the  system  could  be  of  value.  At  present,  the  concept  of 
a  mobile  aircraft  mounted  sensor  does  not  seem  feasible  in  view  of. the 
limited  range  a  single  sensor  can  achieve  in  fog  (  ~  3000  feet  for  700  feet 
RVR). 


a .  System  Components 

Figure  3.2  illustrates  the  basic  elements  of  a  two-color  IR  ;et 
engine  detector  operating  in  the  3-5  and  3-12  spectral  bands.  The  incoming 
radiation  would  be  collected  by  a  four  to  six  inch  aperture  (lens  or  hirror) 
and  undergo  focal  plane  processing  by  a  scanning  element  or  simple  chopping 
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TABLE  3.1  JET  AIRCRAFT  NOZZLE  1R  SIGNATURES 
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modulator.  The  detector  array  would  consist  of  a  small  set  of  spectrally 
filtered  detectors  for  each  1R  band  (not  more  than  nine).  Each  of  the 
signal  channels  could  utilize  HgCdTe  detectors  since  this  material  performs 
well  throughout  the  intermediate  infrared  spectrum.  A  closed-cycle  cryo- 
cooler  (probably  Stirling  cycle)  would  be  utilized  to  maintain  the  detector 
array  at  77°k  resulting  in  D*  values  in  excess  of  10^'  cm  Hz  ^  1  . 

Each  of  the  detector  channels  would  generate  a  signal  on  the 
order  of  a  few  microvolts  which  would  be  processed  in  sequence  by  a  pre¬ 
amplifier  (20-50  dB  gain),  a  detection  threshold  gate,  a  narrowband  filter 
tuned  to  the  modulation  frequency,  and  an  integrator.  The  magnitudes  of 
the  two  IR  signals  would  then  be  compared  and  the  signal  would  either  be 
rejected  or  identified  as  a  target. 

b .  Field  of_ View 

The  detection  range  of  conventional  IR  systems  is  inversely  pro¬ 
portional  to  the  square  root  of  the  angular  field  ot  view.  This  results  in 
a  performance  tradeoff  of  range  versus  instantaneous  coverage.  In  cases 
where  relatively  long  decision  times  are  involved  the  improvement  in  detec¬ 
tion  range  due  to  reduction  of  field  of  view  is  usually  worth  the  loss  of 
coverage . 


For  a  runway  mounted  IR  jet  engine  detector  the  field  of  v i ei*  would 
be  defined  by  the  subtended  angle  of  the  runway  at  the  maximum  system  range. 
However  a  difficulty  arises  since  system  range  depends  on  the  visibility 
and  it  is  possible  that  off-runway  aircraft  activity  could  trigger  a  false 
alarm.  For  a  given  airport  runway  configuration  a  judicious  choice  of 
detector  locations,  coupled  with  a  reduced  field  of  view  for  each  detector, 
could  possibly  provide  suitable  runway  coverage  without  system  sensitivity 
to  off-runway  activity.  However,  indications  are  that  this  would  necessi¬ 
tate  a  large  number  of  detectors  mounted  at  various  points  on  the  edge  of 
tne  runway. 
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c •  Signal-To-Noise  Ratios 

Detector  system  noise  limits  the  detection  of  weak  IR  signals 
from  targets  that  are  small,  cool,  or  distant.  Distance  has  several 
effects:  IR  radiation  becomes  increasingly  spatially  dispersed,  scattered 
and  attenuated  by  the  atmosphere.  Additionally,  at  increased  ranges,  f.e 
image  of  a  target  fills  a  decreased  fraction  of  the  detector  area.  3e>ond 
some  range,  these  effects  reduce  the  power  received  from  the  target  to  the 
level  of  the  random  photon  noise  received  by  the  detector  and  result  in  non¬ 
detection  of  the  target.  Larger  optical  apertures  can  be  used  to  compen¬ 
sate  for  the  effects  of  range  by  intercepting  and  focusing  more  of  the 
irradiance  and  allowing  larger  s ignal -to-noise  ratios. 


In  determining  target  detectability,  signal -to-noise  ratios  are 
derived  as  follows.  The  received  detector  signal(s)  is  calculated  as  a 
function  of  target  IR  signature  (Jt),  the  optical  aperture  "area"  (AQ),  the 
range  (R)  to  the  target,  the  range  dependent  atmospheric  transmission 
coefficient  (T)  and  the  internal  optical  transmittance  (T  ).  The  resulting 
expression  for  the  signal  strength  (S),  is 


J.A  TT 
to  o 


The  noise  equivalent  power  (NEP)  of  the  detector  is  related  to  the  normal¬ 
ized  spectral  detectivity  (D*),  the  detector  area  (Aj),  and  the  noise  fre¬ 
quency  bandwidth  (B).  An  estimate  of  the  signal -to-noi se  ratio  is  made 
by  taking  the  ratio  of  the  signal  strength  to  the  NEP. 
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Signal -to-noi se  ratios  for  an  optical  diameter  of  lb  centimeters 
(6  inches)  with  T  •  0.75  are  shown  in  Figures  3.3  and  3.4  for  a  Boeing  707 
target  in  700  ana  1300  feet  visibilities.  In  the  present  analysis  system 
range  may  be  considered  the  point  at  which  the  SNR  reaches  a  value  of  one. 

d .  Sign al-To-Clutter  Ratio s 

While  many  runway  hazards,  such  as  large  jet  aircraft,  have 
exposed  hot  parts  greatly  above  ambient,  others,  such  as  ground  vehicles, 
differ  only  slightly.  The  signal -to-clutter  ratio  measures  the  potential 
detectabi 1 i ty  of  a  target.  The  actual  detection  probability  depends  on 
how  cleverly  the  signal -to-clutter  ratio  is  exploited  both  by  the  system 
hardware  and  by  the  processing  algorithms  used.  For  example,  a  system 
whose  optics  fill  only  a  small  fraction  of  a  detector  with  the  target 
image  would  not  receive  the  full  benefit  of  the  signal -to-clutter  ratio. 

The  signal -to-clutter  ratio  is  given  by: 

S  _  WT  "  W~S 


where  Wy  is  the  radiant  emittance  of  the  target,  and  Wg  and  AW,,  are  the 
mean  and  variance  of  the  background's  radiant  emittance  due  to  local 
temperature  differences.  This  ratio  estimates  how  well  the  target  IR 
signature  stands  out  from  the  distribution  of  background  signals.  For 
relatively  uniform  backgrounds,  targets  with  small  temperature  differences 
can  be  detected.  Against  more  "cluttered"  backgrounds,  i.e.,  those  with 
much  less  uniform  temperatures ,  targets  will  have  to  be  hotter  to  be 
detectable . 

Backgrounds  can  be  multimodal  in  their  temperature  distributions 
due  to  terrain  differences  or  to  shadow  effects.  The  background  variations 
referred  to  are  within  each  of  these  terrain  regions,  and  are  measured  *rom 


their  respective  regional  means.  Background  variation  in  tog  environments 
is  a  relative  unknown,  but  indications  are  that  effects  are  comparable  to 
those  found  in  other  IR  system  appl ications . 

Experiments  done  by  Lincoln  Laboratory  indicate  that  a  two-color 
algorithm  used  with  the  HOWLS  seeker  yields  a  reasonable  probability  o* 
detection  with  signal -to-cl utter  ratios  of  about  1.5  -  2.0. 

e .  False  Alarm  Rate 

As  indicated  by  Figure  1.3,  a  runway  mounted  two-color  IR  jet 
engine  detector  would  signal  an  alarm  only  when  jet  engines,  or  objects 
at  comparable  temperatures,  enter  the  field  of  view.  Ground  vehicles 
would  have  no  effect  on  the  system.  However,  the  requirement  for  adequate 
runway  coverage  without  system  sensitivity  to  off-runway  activity  remains 
difficult  to  achieve.  The  detection  ranges  indicated  by  Figures  3.3  and 
3.4  imply  that  the  large  number  of  detectors  needed  for  adequate  runway 
coverage  in  low  visibility  operations  could  result  in  significant  false 
alarm  rates  due  to  taxiway  activity.  It  appears  that  this  problem  would 
be  confronted  at  a  number  of  major  airports. 

3.  DISCUSSION 

The  passive  two-color  jet  engine  detector  is  a  feasible  approach  to 
collision  avoidance,  however,  it  will  require  extensive  development  and 
may  not  achieve  the  required  reliability  for  the  following  reasons. 

Detection  range  against  the  rear  aspect  of  a  Boeing  707  aircraft  will 
be  from  3000  to  5000  feet  dependent  on  visibility.  A  10,000  foot  detection 
range  is  the  approximate  actual  requirement.  Detection  range  is  even  lower 
for  nose  and  beam  aspects  of  an  aircraft.  Increasing  detection  range  will 
materially  increase  the  false  alarm  rate  and  reduce  pilot  confidence  in  tr>e 
System. 
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In  light  of  these  problems,  analysis  was  conducted  on  a  second 
and  apparently  more  feasible  approach  which  utilizes  a  long  wavelenct" 
carbon  dioxide  laser  to  detect  aircraft  or  objects  on  the  runway.  *°e 

approach  known  as  an  IR  Blanking  System  nas  the  following  advantages: 

•  Detection  of  not  or  cold  targets 

•  Good  fog  penetration 

•  Low  path  attenuation 

•  10. o  micron  wavelength  is  out  of  the  visual  range  and 
can  satisfy  eye  safety  requirements- 

The  proposed  IR  Blanking  System  is  described  in  the  following  paragraphs. 


4.  INFRARED  BLANKING  SYSTEM 


The  passive  two-color  IR  jet  engine  detector  that  has  been  described 
utilizes  tne  positive  thermal  contrast  of  the  engine  tailpipe  and  hot  parts 
with  the  relatively  cool  background.  Infrared  detection  systems  may  also 
operate  on  a  negative  contrast  principle.  In  one  approach,  objects  are 
detected  when  their  cross  sectional  area  interferes  with  background  and 
obstructs  or  blanks  out  the  nominal  radiation  field. 


Analysis  indicates  that  negative  contrast  IR  can  be  successfully  applied 
to  runway  collision  avoidance  if  the  radiation  background  is  modified  or 
coded  by  the  use  of  a  cooperative  IR  source  at  the  extreme  end  of  the  run¬ 
way.  Such  a  system  could  utilize  any  IR  source  of  sufficient  power  and 
collimation  to  insure  adequate  system  range  in  low  visibility.  Although 
other  specialized  sources  might  be  fabricated,  the  prime  candidate  from 
the  standpoint  of  atmospheric  transmission  is  an  infrared  laser. 
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a.  System  Concept 

Figure  3.5  illustrates  the  basic  principle  of  infrarec  blanking 
applied  to  runway  collision  avoidance  in  low  visibility.  An  IR  'ase''  woulo 
be  mounted  at  one  end  of  the  runway  and  provide  a  coded  signal  ’iik 
an  infrared  detector  at  the  opposite  end.  Any  interruption  of  tre  cocez 
signal  by  an  obstacle  in  the  optical  path  would  be  automatically  registered 
by  the  electronic  logic  of  the  runway  collision  avoidance  system.  Such  a 
system  could  be  queried  directly  by  the  pilot  at  takeoff  (for  example,  with 
a  low  power  VHF  readout). 

Infrared  lasers,  in  particular  C0o  lasers  (10.6  micron  wavelength), 
have  been  utilized  to  provide  continous  video  transmission  links  in  a  variety 
of  weather  conditions  (see  reference  44).  All  evidence  indicates  that 
optical  design  parameters  are  sufficiently  flexible  to  insure  sufficient 
range  for  runway  collision  avoidance  operation. 

b .  Aircraft  Target  Cross  Sections 

Commercial  aircraft  target  cross  sections  have  been  examined  from 
the  standpoint  of  geometric  commonality  as  they  would  appear  to  an  IR 
blanking  system.  It  has  been  found  that  potential  hazard  aircraft  cross 
sections  fall  into  two  categories.  Large  carriers  including  such  aircraft 
as  the  Boeing  707  and  MacDonald  Douglas  DC-10  could  be  detected  by  a  single 
laser  beam  link  of  an  appropriate  height,  possibly  in  the  vicinity  of  ten 
feet,  along  the  runway  center  line.  Light  aircraft  such  as  the  Gates 
Learjet  and  Cessna  Cardinal  may  require  several  beams  at  a  height  of  approxi¬ 
mately  five  feet  to  allow  for  the  smaller  target  areas  and  larger  lateral 
takeoff  variance  from  runway  center  line. 

c .  System  Features 

The  direct  approach  of  IR  blanking  provides  a  sensitivity  to 
takeoff  hazards  not  usually  detected  by  infrared  systems  in  fog.  Since 
hot  or  cold  targets  would  be  detected  with  equal  probability,  hazards  such 
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gure  'j .  B  Basic  Principle  of  IP  Blanking 


as  ground  vehicles  and  light  aircraft  would  be  acquired  regardless  of  their 
temperature.  This  multi-tarqet  sensitivity  could  be  a  major  advantage  over 
passive  IR  at  very  active  airports. 

The  IR  blanking  system  could  otter  several  useful  growth  options. 

An  IR  blanking  system  might  be  designed  to  function  as  an  aircraft  runway 
centering  device,  which  would  notify  the  pilot  of  his  plane's  position  rela¬ 
tive  to  centerline.  The  concept  may  also  have  applications  to  airport 
taxiway  control . 

d .  Sasic  Transmitter 

Figure  3.6  is  a  stylized  view  of  an  infrared  laser  transmitter  as 
would  be  utilized  by  an  IR  blanking  system.  A  long  wavelength  laser  v?ossibly 
CO.  at  10.6  microns)  would  be  utilized  to  insure  sufficient  range  in  fog. 

Use  of  a  pulsed  laser  would  provide  large  gains  in  signal-to-noise  ratio 
and  constitute  an  unmistakeable  coded  signal  link.  A  signal  monitor  would 
prevent  false  alarm  by  alerting  users  in  the  event  of  hardware  failure. 
Condensation  of  water  on  optical  apertures  could  be  prevented  by  a  simple 
electric  heater.  An  expendable  outer  window  would  simplify  maintenance 
and  minimize  optical  cleaning  requirements. 

e.  Sasic  Receiver 

An  illustration  of  basic  receiver  components  is  shown  in  Figure 
3.7.  The  receiver  aperture  would  also  be  protected  by  an  expendable  outer 
window.  Reflective  optics  would  be  utilized  to  permit  maximum  signal  col¬ 
lection  and  an  appropriate  interference  filter  would  serve  as  spectral 
passband  for  the  laser  line  to  improve  background  rejection.  The  modulated 
laser  signal  would  be  acquired  by  a  narrowband  amplifier  for  signal-to-noise 
ennancement.  Logic  and  hazard  alert  components  would  be  microprocessor 
based. 

f .  System  Range 

Examination  of  atmospheric  transmission  data  indicates  that 
attenuation  of  10.6  micron  CO,  laser  radiation  by  fog  is  described  by  an 


optical  density  of  approximately  4.1  km  1  for  700  feet  visibility  and 
2.3  km"'  for  1200  feet  visibility.  Corresponding  transmission  factors 
are  given  by 


T(R)  * 

10-4. IR 

(700 

feet  RVR) 

T(R)  = 

10-2. 3R 

(1200 

feet  RVR) 

wnere  R  is  range  in  kilometers. 

System  range  will  be  calculated  for  a  continuous  wave  (CW)  laser. 
Ranges  for  pulsed  sources  will  be  greater  due  to  improvement  in  signal -to- 
noise  ratio.  Optical  aperture  at  the  receiver  is  taken  as  15.24  cm  (6 
inches)  diameter  yielding  an  area  of  132.4  square  centimeters.  An  eye- 
safe  C0?  laser  of  10.6  micron  wavelength  would  have  an  intensity  of  about 

l  2 

40  milliwatts/cm"  or  7.3  watts  total  for  a  six  inch  beam  at  the  source.  At 
a  range  of  3.16  kilometers  (10,000  feet)  the  total  power  level  for  a  700 
feet  RVR  fog  would  be 

(7.3  watts)  X  10-(4-]  )(3-16)  =  3.1  X  10'13  watts. 

For  a  1200  feet  RVR  fog  the  power  level  at  10,000  feet  would  be 
(7.3  watts)  X  1 0~ C2.3)(3.1o)  =  3>9  x  10*7  watts. 

Either  of  the  above  power  levels  should  be  detectable  by  an  IR 
receiver.  Laser  beam  divergence  has  not  been  considered  in  this  calculation, 
but  the  small  effect  (on  the  order  of  a  few  mi  1 1 i radians )  should  not  present 
difficul ty. 

g .  System  Runway  Configurations 

Shown  in  Figures  3.3  -  3.10  are  several  possible  configurations 
for  a  runway  collision  avoidance  system  utilizing  the  IR  blanking  concept. 
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Real  world  operational  systems  would  take  practical  matters  such  as  runway 
irregularities  into  account.  The  configurations  shown  here  illustrate 
only  the  basic  approach  to  hazard  detection. 


A  minimum  mode  system  would  require  one  detection  channel  eacn 
for  large  carriers  and  light  planes.  Two  IR  laser  beams  at  heights  of 
approximately  five  and  ten  feet  would  detect  runway  takeoff  hazards  in 
a  mixed  traffic  airport  environment.  Detection  probability  for  large  air¬ 
craft  would  be  very  high  due  to  the i i  large  geometrical  cross  sections  and 
small  lateral  takeoff  variance  from  center  line.  Light  planes  would  be 
detected  with  somewhat  less  reliability  since  they  provide  smaller  targets 
and  can  be  expected  to  wander  from  center  line  at  takeoff. 

To  allow  for  this  effect,  light  plane  coverage  could  be  provided 
as  snown  in  Figure  3.9.  Three  parallel  beams  would  be  directed  down  the 
runway  center  with  beam  separation  slightly  less  than  the  fuselage  width  of 
the  smallest  light  plane. 

One  configuration  for  a  maximum  coverage  system  is  shown  in 
Figure  3.10.  Both  light  planes  and  large  carriers  could  be  detected  with 
high  probability  by  utilizing  four  beams  providing  both  lateral  and  verticle 
coverage. 


Within  these  general  considerations  numerous  system  adaptations 
to  specific  airport  requirements  may  be  necessary.  However  it  appears 
at  present  that  such  modifications  would  not  represent  a  significant 
obstacle  to  deployment  of  such  a  system. 


1 1 1-24 


CHAPTER  IV:  CONCLUSIONS 


The  foregoing  analysis  shows  the  infrared  laser  blanking  system  to  be 
highly  promising  as  a  runway  collision  avoidance  device.  Unlike  the  passive 
two-color  IR  system,  it  permits  an  unambiguous  and  automated  determination 
of  runway  clearance  with  essentially  a  cero  false  alarm  rate.  Such  an 
approach  offers  a  convenient  interface  with  existing  cockpit  communication 
systems  and  would  facilitate  direct  pilot  readout  of  runway  conditions. 
Indeed  this  approach  not  only  provides  for  reliable  takeoff  clearance  in 
fog,  but  could  be  used  as  a  pilot-accessed  landing  aid  to  provide  a  last 
minute  check  on  runway  clearance.  In  this  way,  the  IR  laser  blanking 
system  might  serve  as  a  significant  instrument  in  expanding  airport 
capacity  as  aircraft  traffic  densities  increase. 

Conversely,  in  the  case  of  the  passive  two-color  IR  system,  it  is 
apparent  that  the  short  detection  range  limits  its  value  as  an  aircraft 
mounted  runway  collision  avoidance  device.  The  maximum  available  range 
(5000  feet)  of  less  than  half  the  accelerate-stop  distance  of  typical 
commercial  carriers  would  not  provide  adequate  warning  of  a  runway  takeoff 
hazard.  Indeed  this  maximum  range  for  a  single  aircraft  mounted  IR  sensor 
holds  only  under  1200  foot  visibility  against  the  rear  (tail-on)  aspect 
of  the  largest  targets  (aircraft  comparable  to  the  Boeing  707  and  larger). 
Smaller  targets  (general  aviation  aircraft),  relatively  cool  target  aspects 
(e.g.,  the  frontal  engine  view),  or  more  severe  weather  will  degrade  this 
system  range  to  totally  inadequate  levels. 

Essentially  the  same  difficulties  hold  for  a  runway  mounted  passive 
device.  Although  adequate  range  anc  coverage  of  commercial  carriers  could 
be  provided  by  increasing  the  number  of  sensors  (to  at  least  four  detectors 
covering  both  takeoff  directions),  the  problem  remains  with  a  low  detection 
probability  against  frontal  aspect  targets.  This  is  a  particularly  serious 
oroblem  since  the  frontal  (head  on)  aspect  presents  the  hiohest  danger 
of  collision  with  the  most  severe  outcome.  Furthermore,  the  weak  thermal 
signature  of  light  aircraft  from  any  aspect  would  render  a  passive  system 
unreliable  in  most  operational  environments. 


In  a  previous  study  of  aircraft  ground  guidance  techniques  at  airports 
(Reference  42),  it  was  noted  that  for  1R  to  be  a  significant  advantage  it 
must  be  shown  that  either  (1)  greater  amounts  ot  energy  penetrate  fog  at  IR 
wavelengths  than  visible  light  for  equal  ranges  or  ^2)  detectors  ot  greater 
sensitivity  than  the  human  eye  can  be  used  in  a  practical  way.  're  study 
then  addressed  the  long  wavelength  fog  penetration  improvement  *,\v-  toe 
standpoint  of  acquisition  of  hot  targets  by  passive  IR  systems.  The  conclu¬ 
sion  was  that  for  passive  systems  neither  of  the  criteria  could  be  shown 
to  be  true. 

For  active  IR  systems  utilizing  cooperative  sources  (in  particular,  a 
highly  collimated  laser)  at  long  wavelengths  (10  microns  or  greater)  the 
negative  result  does  not  apply.  The  first  criterion  ^1)  is  found  to  be 
true.  The  reasons  are  that  the  per  kilometer  fog  attenuation  per  watt 
radiated  power  is  less  at  10  microns  than  at  shorter  wavelengths,  and 
secondly,  a  laser  not  only  does  not  suffer  from  inverse  square  losses 
(since  it  is  collimated)  but  its  power  is  concentrated  in  a  narrow  spectral 
interval  and  not  wasted  over  the  entire  spectrum  as  is  the  IR  radiation 
‘■'rom  hot  thermal  sources  such  as  jet  engines. 

When  considering  lasers  (or  any  highly  collimated  beam)  as  a  coopera¬ 
tive  source, the  use  of  infrared  wavelengths,  as  opposed  to  the  visible 
region,  is  mandated  by  eye  safety  requirements.  A  visible  laser  of  suffi¬ 
cient  power  to  penetrate  fog  at  runway  range  would  be  many  orders  of  magni¬ 
tude  above  eye  safety  levels.  Laser  power  levels  acceptable  for  general 
access  ourposes  have  been  established  by  the  Bureau  of  Radiological  Health 
(BRH)  and  the  American  National  Standards  Institute  (ANSI).  Such  standards 
and  regulations  are  subject  to  revision,  but  the  general  findings  of  each 
of  these  sources  has  been  that  more  power  can  be  utilized  safely  at  long 
wavelengths  far  from  the  visible  region.  Examination  of  these  standards 
indicates  that  eye  safety  requirements  can  easily  be  met  by  expanding  the 
laser  beam  diameter  until  the  intensity  is  sufficiently  reduced.  Preliminary 
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analysis  indicates  that  required  beam  diameter  would  be  approximately  six 
inches  (fifteen  centimeters).  A  diameter  of  this  order  has  been  found  to 
be  compatible  with  other  optical  design  considerat ions . 


CHAPTER  V:  RECOMMENDATIONS 


An  effective  runway  collision  avoidance  system  must  satisf>  at  'east 
three  criteria.  It  must  be  capable  of  real  time  access  by  the  pilot.  Run¬ 
way  clearance  must  be  determined  objectively  and  automat ical ly  bv  the  enysica 
system.  The  detection  system  should  acquire  targets  directly  and  be  inde¬ 
pendent  of  the  physical  state  or  presented  aspect  of  the  potential  takeoff 
hazard . 

The  analysis  presented  in  this  report  indicates  the  IR  blanking  approach 
meets  tnese  criteria.  An  examination  of  physical  transmission  data  indicates 
ranges  of  10,000  ft.  should  be  possible  under  700  foot  RVR  conditions, 
utilizing  relatively  simple  electronics,  with  appropriate  optical  beam 
diameters  and  apertures.  More  sophisticated  approaches,  such  as  signal 
integration  and/or  narrowband  techniques  promise  great  improvements  in 
s igna 1 -to-noi se  ratio  and  will  be  reflected  in  less  stringent  optical  require 
ments . 

Aircraft  target  cross  sections  have  been  examined  and  found  to  have 
sufficient  common  geometry  for  an  IR  blanking  system  to  reliably  acquire 
targets.  In  some  cases  difficulties  may  be  presented  by  runway  irregulari¬ 
ties,  but  at  present  it  appears  that  these  can  be  overcome  by  a  judicious 
choice  of  system  geometry.  With  the  exception  of  environmental  housings 
and  electronic  logic,  all  hardware  associated  with  the  systems  can  be 
purchased  off  the  shelf  from  various  manufacturers.  Areas  which  remain 
to  be  investigated  fall  into  the  general  categories  of  operations  and 
system  engineering. 

It  is  recommended  the  program  for  development  of  a  systems  speci'ica- 
tion  ♦or  an  operationally  suitable  Infrared  Runway  Collision  Avoidance 
System  be  structured  to  proceed  in  two  phases.  Phase  I.  Preliminary 
Specification  Development  should  bo  designed  to  provide  workable  solutions 


to  all  critical  operational  and  systems  design  questions  prior  to  proceeding 
with  more  costly  efforts.  A  combination  of  system  analysis,  modeling  and 
simulation,  laboratory  design,  and  controlled  tield  testing  of  critical 
components  and  concepts  should  be  used  to  minimice  cost  and  ensure  a  " 
probability  of  success. 

Phase  II  if  necessary,  would  see  the  acquisition  of  a  limited  number 
of  prototype  systems  which  would  be  based  on  the  preliminary  specification 
developed  in  Phase  I.  These  systems  would  be  installed  at  airports  selected 
for  their  type  and  mix  of  traffic,  and  frequency  of  adverse  weather  condi¬ 
tions.  Pilots  and  ground  personnel  would  be  trained  in  system  operations 
and  maintenance,  and  requested  to  maintain  pre-design  logs  and  systems 
operations  questionnaries.  Periodic  reviews  of  the  documentation  and 
personal  interviews  would  be  made  over  a  selected  time  period.  A  complete 
data  analysis  to  identify  system  problems  and  assess  the  contribution  to 
airport  safety  would  be  made.  The  conclusion  of  the  program  would  be  the 
generation  of  a  complete  system  specification,  suitable  for  submission  to 
qualified  contractors  for  fabrication  and  installation  bids. 

Recommended  Phase  I  tasks  are  outlined  below  and  are  priority  ordered 
to  ensure  critical  questions  are  considered  early,  solutions  identified 
or  concepts  verified,  prior  to  proceeding  with  more  detailed  effort. 

Specific  subtasks  for  Phase  II  would  be  identified  if  Phase  II  is  determined 
to  be  required. 

1 .  Phase  I  -  Preliminary  Specif ication  Development 

The  goal  of  Phase  I  is  the  development  of  a  preliminary  design 
specif ication  which  will  serve  to  describe  an  Infrared  Collision  Avoidance 
System  suitable  for  extensive  field  testing  at  selected  airports.  There 
are  two  tasks  in  this  phase  and  1C  subtasks. 
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a .  Concept  Validation 

This  task  would  be  primarily  operationally  oriented,  with 
major  cons ideration  given  to  validation  of  laser  weather  penetration, 
effect  of  the  airport  environment  on  selected  components,  validation  of 
the  IR  blanking  concept,  simulation  and  validation  of  alternative  beam 
configurations  and  analysis  of  airport  operations  which  could  impact 
system  design. 

1 )  IR  Blanking  Target  Acquisition  Test 

This  task  would  be  a  preliminary  field  demonstration 
of  the  infrared  approach  to  runway  hazard  detection.  A  C0-,  laser  and  IR 

L. 

receiver,  together  with  appropriate  laboratory  equipment,  would  be  used  at 
the  FAA  NAFEC  facility  to  validate  the  IR  blanking  concept.  An  IR  beam 
would  be  directed  over  selected  paths,  and  aircraft  taxied  through  the 
beam.  Readouts  of  receiver  pulse  changes,  together  with  notations  of 
aircraft  position  should  validate  the  basic  concept. 

2)  COq  Laser  Propagation  Test 

Transmission  tests  with  a  CO,  or  suitable  longer  wave¬ 
length  IR  laser  over  a  3  kilometer  path  would  be  made  under  700  ft  RVR  and 
1200  ft  RVR  fog  conditions  to  verify  the  10,000  ft  fog  penetration  require¬ 
ment  is  feasible. 

3)  Beam  Configuration  Analysis  and  Test 

A  determination  of  beam  configurations  to  provide  the 
greatest  runway  coverage  should  be  made  and  verified  through  ground  tests. 

A  simple  computer  model  could  be  utilized  to  vary  beam  configurations,  air¬ 
craft  runway  positions,  and  airport  configurations.  The  most  suitable 
conf igurations  would  be  selected  and  verified  by  ground  tests  at  NAFEC. 

4)  Evaluation  of  Environmental  Effects 

There  is  no  doubt  the  components  of  the  IR  CAS  system 
can  be  made  to  perform  adequately  in  a  laboratory.  This  task  would  take 
tnose  optical  components  which  would  be  exposed  to  the  airport  environment 
in  an  operational  system  out  of  the  laboratory  and  expose  them  over  an 
extended  period,  to  dirt,  dust,  moisture,  jet  blast,  severe  weather,  etc.. 
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in  which  they  will  be  required  to  operate.  Observations  and  tests  would 
be  made-  which  will  assist  in  the  definition  of  a  low  maintenance,  environ¬ 
mentally  resistant  system. 

5)  Operational  Analysis 

In  order  for  the  Infrared  Runway  Collision  Avoidance 
System  to  be  effective  and  useful,  it  should  not  interrupt  or  adversely 
impact  routine  airport  operations.  This  task  would  determine  the  most 
useful  system  operational  modes,  to  include  communications  frequencies, 
radio  range  requirements,  procedure  changes  (if  any),  pilot  query  system, 
tower  interface  display  modes,  etc. 

6 )  Airport  Installation  Requirements 

The  determination  of  requirements  for  installation  of 
an  Infrared  Runway  Collision  Avoidance  System  at  typical  airports  would  be 
made.  Items  such  as  device  siting,  power  available,  interconnect  cable 
distances,  device  hardstand  design,  should  be  considered.  Cost  estimates 
(in  1979  dollars)  for  system  installation  should  be  determined. 

7)  Systems  Requirements  Definition 

The  data  and  analysis  gathered  in  the  preceding  six 
subtasks  should  be  integrated  to  form  the  basis  for  an  Infrared  Runway 
Collision  Avoidance  System  Requirements  Definition.  A  physical  description 
of  mechanical  and  electronic  components  together  with  their  operational 
modes  and  procedures  would  be  included  in  this  document. 

b.  Prototype  Design  and  Laboratory  Testing 

This  task  would  be  primarily  oriented  toward  system  engineering 
and  testing  to  complement  the  validation,  analysis  and  environmental  com¬ 
ponent  testing  previously  outlined.  Consideration  would  be  given  to 
assembly  and  laboratory  testing  of  IR  components  and  assembly  and  labora¬ 
tory  testing  of  a  full  brassboard  prototype  system.  System  signal  trans¬ 
mission  tests  would  be  conducted,  with  the  task  culminating  in  a  preliminary 
systems  specification. 
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1 )  Brassboard  Design 

This  task  would  identify  and  design  system  electro-optical , 
electronic,  and  el ectromechancial  components  necessary  for  fabrication  of 
a  prototype  system.  Engineering  analysis  using  the  results  of  the  "System 
Definition"  as  a  baseline  would  be  performed.  Specific  engineering  designs 
and/or  descriptions  would  be  formulated  for  the  following  subsystems: 

Internal  Optics 
Electrical  System 
Mechanical  System 
Thermal  System 
Environmental  System 
Maintenance  System 
Logic 

Display  or  Readout  System 

2 )  Component  Selection  and  Testing 

The  results  of  "System  Definition"  and  "Brassboard  Design" 
can  be  used  as  a  basis  for  selection  of  suitable  components  and/or  sub¬ 
system  for  prototype  fabrication.  Individual  components  would  be  tested 
for  defects,  performance,  tolerances,  etc.  Re-design  would  be  carried  out 
as  warranted. 

3)  System  Fabrication  and  Test 

All  elements  of  the  Infrared  Runway  Collision  Avoidance 
System  would  be  integrated  and  tested  as  a  system.  System  internal  inter¬ 
faces  would  be  verified  and  system  performance  validated  by  laboratory  tests. 

A)  System  Validation  Tests 

The  Infrared  Runway  Collision  Avoidance  System  would  be 
installed  at  the  FAA  NAFEC  facility.  Operational  concepts,  airport  inter¬ 
face,  and  system  performance  would  be  validated. 

51  Preliminary  Specification  Development 


The  following  preliminary  specifications  which  describe 
all  facets  required  for  purchases  and  installation  of  an  Infrared  Runway 
Collision  Avoidance  System  would  be  developed: 

•  Beam  Configuration  Alternatives 


V-5 


■  ■  ■  |  |  a — 1 1 — 


•  Infrared  Runway  Collision  Avoidance  Device 
System  Specification 

t  Environmental  Housing  Requirements  for  an  Infrared 
Runway  Collision  Avoidance  System. 

The  preliminary  nature  of  the  specifications  would  be  due  only  to  the  lack 
of  an  extended  field  operational  test,  the  subject  of  Phase  II  of  such  a 
program. 


In  summary  it  is  recommended  that  the  infrared  laser  blanking  approach 
be  vigorously  pursued  not  only  with  respect  to  its  application  to  low  visi¬ 
bility  takeoff  and  landing  clearance,  but  as  a  compatible  and  integrated 
multiplier  of  the  traffic  handling  capabilities  of  existing  airport  instru¬ 
mentation  systems.  The  utilization  of  such  a  device  in  around-the-clock 
operations  could  impact  substantially  on  future  airport  capabilities  and  at 
the  same  time  afford  a  significant  advance  in  runway  safety. 
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APPENDIX  A:  IR  TECHNOLOGY  SURVEY  AND  CON’  ' 


Shown  below  are  the  professional  sources  utilized  as  part  of  the 
infrared  technology  survey  by  BDM.  These  contacts  were  establisned  in 
order  to  obtain  information  on  current  IR  technology,  atmospheric  optics, 
and  infrared  signatures. 

I .  Industrial  Survey  and  Contact 

Advanced  Kinetics 
AGA  Corporation 
Air  Products 
Barnes  Engineering 
Boeing  Aircraft 
Coherent  Radiation 
Corning  Glass 
CTI  Cryogenics 

Ford  Aerospace  and  Communications 

General  Electric 

General  Scanning 

Grimes  Manufacturing 

Honeywell  Electro-Optic  Center 

Hughes  Santa  Barbara  Researcn  Center 

Infrared  Associates 

Infrared  Industries 

ITT  Electro-Optics 

MacDonald  Douglas 

Mol ectron 

Optoelectronics 

Oriel 

Pratt  and  Whitney 
Texas  Instruments 
Whelan  Engineering 
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Government  and  University  Con  tact 

Defense  Advanced  Research  Projects  Agency 
Environmental  Research  Institute  of  Michigan 
Environmental  Sciences  Research  Laboratory 
Federal  Aviation  Administration 
Lincoln  Laboratory  (M.I.T.) 

U.S.  Air  Force  Geophysical  Laboratory 
U.S.  Army  Electronic  Command 
U.S.  Army  Night  Vision  Laboratory 
U.S.  Naval  Research  Laboratory 
U.S.  Naval  Surface  Weapons  Center 
U.S.  Naval  Weapons  Test  Center 


APPENDIX  B:  ATMOSPHERIC  MOLECULAR  COMPONENTS 


Const l tuent 

Formu 1  a 

k  ( uren<  e  ( 

Oc  urenv  e 

Water  Vapor* 

H  ,0 

Variable 

Carbon  Monoxide* 

CO 

Variable 

Ni trooen 

N, 

73.084 

Oxygen 

°2 

20.94o 

Carbon  Dioxide* 

COo 

0.033 

Argon 

A 

0.934 

Neon 

Ne 

18.13 

He! lum 

He 

6.24 

Krypton 

Kr 

1  .14 

Xenon 

Xe 

0.087 

Hydrogen 

HZ 

0.5 

Methane 

ch4 

Nitrous  Oxide* 

n20 

0.5 

Ozone* 

0, 

0.02-0.5 

^Principle  IR  Absorbers 
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